This study aims to investigate the dynamics of the effects of world crude oil prices and world rice prices on Indonesia's inflation rate in the period between January 2004 and September 2015. Monthly time series data spanning from January 2004 to September 2015 are analyzed using difference equation model as the econometric tool. Test result shows that there existed a dynamic effect of world oil crude prices and world rice prices on inflation rate in Indonesia. The World crude oil prices positively affected the inflation rate in that each 1% increase (decrease) in the world crude oil prices caused the inflation rate to go up (drop) by 0.33%. The world rice prices also positively affected the inflation rate, where each 1% increase (decrease) in world rice prices was followed by a 0.52% rise (fall) of the inflation rate.
Introduction
Crude oil has become an important commodity in the economy, and has become a commodity in world trade. Almost all countries are involved in this trade because oil is vitally needed for production inputs, transportation, and electric energy. Thus, all countries need this commodity. To fulfill their domestic needs for oil, non-oil-producing countries have to import this source of energy from other countries. Similarly, some countries that produce oil but suffer from shortage in oil supply must also import oil to meet domestic needs for this commodity. Agricultural commodities also provide inputs for production in food industries. For example, rice can be manufactured into confectionery, breakfast cereals, wafer, biscuit, and others. Increased demand for oil and agricultural commodities can therefore lead to a rise of the prices of oil and the prices of agricultural commodities.
A rise in the prices of oil and agricultural commodities can increase the prices of industrial goods, and it can even push up inflation. The impact of oil prices and agricultural commodities prices on inflation can occur either directly or indirectly. Higher oil prices have an indirect effect on inflation, while agricultural commodity prices can affect inflation directly since most of agricultural commodities can be directly consumed (Jongwanich and Park, 2011) . Because oil is a raw material in industries, an increase in oil price can force companies to rise their production cost, which then cause the companies to increase the prices of their production goods. Therefore, a shock in oil price can trigger inflation, which can then lead to an economic recession (Blanc and Cinn, 2004) . Agricultural industries produce food by processing it from agricultural commodities. Food is also part of consumable material group. For these reasons, an increase in the prices of agricultural commodities can increase the prices of food that are produced by industries, and this in turn can affect domestic inflation (Jongwanich and Park, 2011 ).
There has been a growing interest among researchers in the shock of oil prices, particularly since 1970 (Alom et al., 2013) . A number of studies have investigated the effects of oil and food prices on inflation, albeit they only [ 
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In theory, the effects of world crude oil prices and agricultural commodities prices (including rice) on inflation rate can occur through the following channels. Crude oil and agricultural commodities are industrial raw materials. A rise in crude oil prices can increase transportation costs, as well as cost of inputs, such as fertilizer, which in turn can push up the prices of agricultural commodities (Kapusuzoglu and Ulusoy, 2015; Adam, 2015) . Furthermore, the prices of crude oil and agricultural commodities can raise production cost of non-food and food industries. An increase in production costs can raise the prices of goods, and at the same time it can reduce company's production, decreasing outputs and in turn leading to inflation (Alom et al., 2013) . In terms of trade, increased prices of oil and agricultural commodities can raise the prices of industrial goods in importing countries (Johnwanich and Park, 2009; Misati et al., 2013) . Therefore, an increase in the prices of world crude oil and agricultural commodities can cause inflation worldwide (Alom et al., 2013) Rice is a staple food in some countries, such as Indonesia and Nigeria, and therefore it is consumed more by households in these countries. For this reason, agricultural commodities, especially rice, are imported not only to meet the needs of food
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industries, but also to fulfill households' growing demand for the food. Increasing demand for food commodities (including rice) at a rate that is higher than an increasing rate of production can cause the price of this commodity to escalate and can in turn affect inflation (Sasmal, 2015) . Apparently, however, an increase in rice price cannot keep people from buying rice to meet their basic need for food. Therefore, if rice prices go up, household consumption is also increased, and this means that, as reported by Oynbo et al. (2013), rice price is positively correlated with household spends for consumption.
Empirically, some studies investigating the effect of oil prices and prices of agricultural commodities and food industry on inflation have been conducted in many countries. Blanc and Chinn (2004) examined the effect of oil prices on inflation in the USA, Japan, and Europe. Their results showed that a 10% increase in oil prices affected inflation by about 0.1 to 0.8%. They also found that the response of inflation toward oil prices was more sensitive in Europe than it was in the US. Alvares et al. (2011) conducted a study in several countries (i.e. Spain, the Euro Area, Germany, France), and found that fluctuation in the price of oil was a cause of inflation, and that the impact of oil prices on inflation in Spain was higher than it was in the Euro Area. Lu et al. (2010) examined the transmission of volatility between oil shocks and inflation in Taiwan in the period from January 1986 to December 2008. They discovered that the price of oil had a nonlinear effect on inflation. Meanwhile, a volatility in oil prices had a very strong influence on inflation. Sek et al. (2015) conducted a study on the effect of oil prices on inflation. They split the study sites into two groups, namely a group of countries with a very high dependence on oil (Singapore, South Korea, Philippines, Greece, Belgium, Italy, Pakistan, India, Portugal, Spain), and a group of countries with low dependence on oil (Norway, Denmark, United Kingdom, Canada, Mexico, Malaysia, Brazil, Venezuela, Ecuador, Bulgaria). Their results showed that oil prices significantly affected domestic inflation. The influence of oil prices in the countries with a high dependence on oil was indirect, meaning that the effect of oil prices occurred through changes in export production costs, whereas a direct effect of oil prices on inflation occurred in the countries with low dependence on oil. [6] 
Material and methods
Data
This study analyzed three types of data, i.e. the prices of world crude oil, the prices of world rice, and Indonesian's inflation rate. 
Method of analysis
The prices of both world crude oil and world rice require a certain time lag to induce any effect on inflation rate. In the meantime, Indonesian government has always made every efforts to control the inflation rate by applying monetary policy, therefore current inflation rate can be associated with inflation rate in the past. Based on this assumption, an econometric model that is used to test the effects of world crude oil prices and world rice prices on inflation rate is the difference equation model proposed by Enders (2015) . The model is formulated as follows (1) in which n is the order of difference equation with |a i | < 1,i = 1, 2, 3,…, n. The term of bOIL t-p + cRIC t-q is called the forcing process, b and c are a short-term multiplier effect. ϵ t is white noise with E(ε ti ϵ tj ) = 0, i ≠ j, E(RIC t ε t-i ) = 0, and E(OIL t ε t-i ) = 0, whereas p and q is time lag. The INF, OIL, and RIC variables are needed to meet a requirement for stationarity.
Model (1) is a special case of the autoregressive distributed lag, namely the ADL model (Enders, 2015) or is a special case of lagged-variable autoregressive model, namely LVAR model (Agung, 2009; Adam, 2014) . The following is the ADL model:
in which n, p 0 and q 0 is time lag. The relationship between p 0 and q 0 and p and q from (1) is 0 ≤ p ≤ p 0 and 0 ≤ q ≤ q 0 . In an equilibrium condition, all variables in equation (2) (6) in which RES t is error correction, and d is parameter (Rosadi, 2012) . Finally, a test on the dynamics of the effect is performed by estimating the regression parameters and examining the parameter significance. A statistical test that is used to estimate the parameter regression is the F-statistics test on all parameters, or the t-statistics test on individual parameter by using the level of significance α (1% or 5%). Additionally, P-value criteria is used in testing the significance of the regression parameters.
A good model of regression is one with significant explanatory variables. Good models in (1) and (2) are related to the selection of lag length. There is no general convention about how to select the length of lag. One way to do this is by estimating the regression model (2) in such a way that a i , b j , and c k coefficient are significant at a maximum length of lag (Koop, 2006) . Estimating the parameter can be done repeatedly using a backward method, discarding variables with insignificant coefficient (Rosadi, 2012 ). Other way is by firstly determining the length of lag n in such a way that a i is significant. Then, p 0 and q 0 are determined in such a way that b j and c k are significant, and the value of Akaike Information Criterion (AIC) is minimum (Hill et al., 2011 ).
Given that model (1) is a special of ADL (Enders, 2015) , the first thing we do is estimating regression equation (2), followed by selecting explanatory variables with significant coefficient. Next, we re-estimate to obtain model (1). To come up with the best model of estimation, we use AIC as information criteria in setting the time lag n, p and q. We also compare the statistical value of R-squared (R 2 ) to the statistical values of Durbin Watson (DW) to make sure that the regression model is not spurious. According to Rosadi (2012) , a regression model is not a spurious one if the statistical value of DW is greater than the statistical value of R 2 .
Results and discussion
Unit root test
Results of estimation with regard to the stationary test are summarized in Table 1 . As shown in the table, the three time series data of world crude oil prices (OIL), world rice prices (RIC) and inflation rate (INF) are not stationary at the level
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of significance 1%, since all of the absolute values of ADF-statistics are lower than those of the ADFcritics. The prices of world crude oil, the prices of world rice, and the inflation rate are stationary at the first difference or are integrated order one, I (1).
Cointegration test
In running the cointegration test, time series data of RES is first constructed using (5). Table 2 presents a summary of the estimation results of ADF-statistics and the ADF-critics. By comparing the value of ADF-statistics with the value of ADF-critics, RES is not integrated of order zero, I(0). Therefore, the prices of world crude oil, the prices of world rice, and the inflation rate are not cointegrated.
Dynamics of the effect
Since, the prices of world crude oil, the prices of world rice, and the inflation rate are not cointegrated, the regression parameters being estimated are those of model (1) . All the statistical values of the estimation results are summarized in Table 3 .
As is indicated in Table 3 , the coefficient of OIL t-7 is significant by 5%, whereas the coefficient of RIC t-27 is significant by 1%. This means that simultaneously, there was a dynamic of the effect of world crude oil prices and world rice price on inflation rate. This finding confirms the results reported by Misati et al. (2013) , Alom et al. (2013) , and Kant and Ahmed (2014), which stated that simultaneously the prices of world crude oil and world rice prices affected the rate of inflation, although these researchers conducted their studies in different settings and periods. Inflation rate is also influecned by past rate of inflation, namely D(INF t-1 ), and D (INF t-2 ). The effect exerted by past inflation rate, prices of world crude oil, and world rice prices on current inflation rate D(INF t ) is R 2 x100% = 25.2786%. Thus, other factors contribute the remaining 74.7214% to the current rate of inflation. This needs further research.
Partially, there was an effect of world crude oil prices on inflation rate. The prices of world crude oil required a time lag of seven months to affect the inflation rate. The dynamics of the effect of the world crude oil price on inflation rate is positive with long term multiplier effect δ = 0.33. Given this multiplier effect, every 1% increase * MacKinnon (1996) one-sided p-values Source: own processing Based on the estimation result of the regression parameters, the following model of difference equation is then developed: 
As noted earlier, the prices of world crude oil and world rice required a certain time lag to influence the inflation rate in period 2004:01-2015:09. In a signal process, the information of the delay is shown in Figure 1 . The red curve (curve of E(INF)), which almost coincides with the blue curve (curve of INF), indicates the dynamics of the effects of world crude oil prices and the world rice prices on the inflation rate.
Conclusion
This study aims to investigate the effects of world crude oil prices and the prices of world rice on Indonesia's inflation rate in the period from 2004:01 to 2015: 09. For this purpose, monthly data are analyzed. An econometric tool used to test this effect is the difference equation model, which is a special form of the Autoregressive Distributed Lag model. [10] 
